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Introduction
The present paper continues our series on vesicleassociated flavins [1] [2] [3] [4] [5] , dealing with the inhibition of bluelight-induced flavin-mediated transport of redox-equivalents across vesicle m em branes by xenon gas. Our basic goal studying these completely artifi cial model systems is the elucidation of the prim ary reaction(s) of various physiological bluelight re sponses known. Most workers in this field agree that the bluelight-receptor ("cryptochrom e" ; cf. Senger [6] ) is a m em brane-bound flavin and that the primary reactions are redox in character [7, 8] , somehow trig gering the transport of redox-equivalents across the membrane and thereby changing potential and/or pH-gradients. However, due to the ubiquitous ap pearance of flavins, so far cryptochrom e has escaped clear-cut identification, purification and -as a result -reconstitution.
Abbreviations: DML, L-ß, y dimyristoyl-a-lecithin; AF13, 7.8,10-trimethyl-3-octadecyl-isoalloxazine; EDTA, ethylene-diaminetetraacetic acid; Cyt c: cytochrome c; FMN. flavinmononucleotide. As a first approach a completely artificial isotropic electron transport chain as driven by blue light via a flavin moiety had been explored by us some years ago [9] , It included ED TA , flavin, oxygen (optional ly) and Cyt c. On this basis a more advanced aniso tropic model system was designed in order to study bluelight-mediated transport of redox-equivalents across vesicle bilayers [5] . Single-shelled vesicles were prepared with Cyt c trapped in their aqueous lumen as potential electron acceptor, and am phiphilic flavin bound to the vesicle-membrane as photoreceptor pigment. ED TA as potential electron donor for the mem brane-bound flavin was added to the bulk medium.
Materials and Methods
The description of the synthesis of amphiphilic fla vins has been published previously [10] . FMN was obtained as a gift from Hoffman La Roche, Basel. DM L (N42803) was purchased from Fluka, Buchs, Neu-Ulm. E D T A (0.1 m Titriplex III, 8431 or 8418), and Cyt c (A rt 24804) were obtained from M erck, D arm stadt, and xenon gas from Deutsche Edelgas, Stuttgart (XE N30). The preparation of flavinand Cyt c-loaded single-shelled vesicles has been described previously [4] . Fluorescence of flavin was monitored with an absolute-fluorimeter [11] , absorp tion was measured with a home-made single-beam [12] and home-made dual wavelength spectrophotom eter [13] . Photoreduction of Cyt c or flavin was induced with a 150 W xenon lamp (O R IE L 6253), yielding near uv-light of 100 W/m2 through a 365 nm inter ference filter (exciting the S0 -* S2 transition of flavin).
Results and Discussions
Most photochemical and photobiological reactions are initiated by the triplet state of the responsible photoreceptor pigments. Nevertheless, in recent years evidence has accumulated suggesting the in volvement of the first excited singlet state of chlorophylls in primary reactions of photosynthesis of plants and bacteria. W hether this holds true for the phototropism of corn coleoptiles (and other bluelight responses) is still a m atter of debate. Schmidt et al. [14] reported specific inhibition of phototropism in corn coleoptiles by iodide, azide and phenylacetic acid which are preferential triplet quenchers of flavin [3, 4] . In contrast to these findings. Song [15] and Vierstra et al. [16] failed to establish any inhibiting influence of xenon. Xenon as a water-soluble noble atom gas is -in contrast to iodide -chemically inert, but isoelectronic with iodide and therefore as sumed to be a photophysically equivalent and excel lent quencher of the first flavin triplet state. T here fore these authors concluded that the flavin singlet rather than the triplet is the most likely state m ediat ing phototropism of corn coleoptiles. However, such an interpretation appears to be prem ature in light of the data reported below.
Even under saturating partial pressure of xenon (4.8 m M at standard conditions, i.e. a flavin/xenon ratio of ~ 1/5000) and isotropic/anaerobic conditions we failed to detect significant quenching of flavin photochem istry (less than 10%, Fig. 1 ; quenching of the first excited flavin triplet by the minute concen tration of Cyt c as ironprotein is safely excluded, cf. Schmidt [4, 9] ). In fact, our observation is essentially consistent with that by V ierstra et al. [16] : if their data are analyzed on the basis of total inhibition, xenon has only a negligible influence of less than 8%, com pared to about 50% as they arbitrarily deduced from the initial slopes of the photooxidation kinetics of N A D H (their Fig. 1 ). The absolute num ber of molecules quenched appears to be a physiologically m ore relevant m easure than kinetic data, which strongly depend on the particular mechanisms in volved. In addition, they report that flavin fluores cence under isotropic conditions is not affected at all by xenon, a finding which also agrees with our obser vation. Summarizing, the available data clearly de m onstrate that xenon is a rather poor quencher of both the first excited flavin singlet and triplet state under aqueous isotropic conditions. H ow ever, to our surprise we found that xenon effi ciently inhibits flavin-mediated, bluelight-induced transm em brane redox transport ( Fig. 1 [4] ) we had shown that for membrane-bound flavin (DPL/AF1 3) the same concentra tion of iodide (4.8 mM) is capable of quenching flavin chemistry completely (i.e. the first triplet state), but -again -leaving fluorescence unaffected (i.e. the first excited singlet state). The reason for this "acti vation" of xenon as quencher of flavin triplets by the m em brane is probably caused by its higher solubility in hydrophobic environments. U nfortunately, rele vant physico-chemical data are not available.
Taking the protective role of the m em brane into account, i.e. its (potential) capability of shielding m em brane-bound pigments from bulk components (cf. Fig. 12 in Schmidt und Hemmerich [3] and Fig. 7 in Schmidt [4] ), the presented and available data do not justify to exclude the flavin triplet as photoactive species of phototropism . As long as the precise nature of cryptochrom e, its site of action and the prim ary sensory transduction steps are unknown, it rather remains the most likely candidate.
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